Abstract: Female's access to reproductive health intervention has experienced dramatic change with the development of women's rights across the world. However, the influence of the development of global women's rights on reproductive health intervention access differs by place of residence and by the socio-economic characteristics of educational attainment and income levels. As a response to it, this study investigates the influence of the development of global women's rights on contraceptive intervention access of females from different places of residence (rural/urban areas), with different educational attainment and income levels. Using multi-source data from World Health Organization (WHO), Inter-Parliament Union (IPU), International Labor Organization (ILO), and United Nations Educational, Scientific and Cultural Organization (UNESCO), empirical results show that the development of women's rights generally improves female's contraceptive intervention access around the world, and especially benefits females in rural areas, with a lower educational level, and in the medium or low-income stratum. The development of global women's rights thus contributes to the social equity of healthcare access for females.
Introduction
The issue of female's access to reproductive health intervention is, at the very beginning, beyond a pure medical problem and mixed with ethical, juridical, religious, and human rights controversies [1] [2] [3] [4] [5] . Female's access to reproductive health intervention has long been excluded outside the priority of governmental, legislative, and juridical practice [1, 2] . Many humanitarian areas composed mostly of the most vulnerable countries in Africa, the least developed countries, and the landlocked developing countries, are featured by the neglect of female's reproductive health intervention needs and rights [6] . Despite a great deal of effort being devoted, gaps exist in accessing reproductive health intervention services, such as the access to emergency contraception in these areas [6] . Moreover, the legal and policy barrier impeding female's access to reproductive health intervention has widely existed in the least developed countries, the low-and middle-income countries, and the small island developing states [6] . What's worse, in some of these countries and regions, a political landscape with growing opposition towards reproductive health and reproductive rights is threatening the results achieved [6] . Even in a developed country like the United States, the juridical discussion and public concern of female's reproductive health intervention rights have been shown to wax and wane since 1960. For example, the Griswold v. Connecticut (1965) makes an advance in this process. In this case, the Supreme Court ruled that the Constitution protected a right to privacy, whereby it invalidated the state law of Connecticut that prohibited contraceptive access [7, 8] . Even so, the female autonomy to terminate her pregnancy was not legally recognized as a kind of right to privacy until several years later in the Roe v. Wade (1973) [9, 10] . Nonetheless, such congressional and juridical confrontations have never stopped after that, and many efforts and subsequent measures are stimulated by various parties to constrain the implementation of this female right in reality [1, 2, 9] .
At the present time, there is yet no place in the world endowing females with full freedom of reproductive health intervention, and there has long existed the social control over females, such as the censure of non-marital childbearing and the widespread prejudice against females who access reproductive health intervention [11, 12] . Even though the universal human rights declarations admit that couples have the right of family planning, such right has rarely been accepted as the right of women as individuals [13, 14] .
During the past few decades, the most important driving force to continuously reshape female's access to reproductive health intervention may not solely come from the political appeal or social movement. In reality, the development of social economy irreversibly improves the female status. The constantly rising female literacy and growing female participation in labor markets involve more and more women in wage-paid jobs [15] [16] [17] . The increase in female parliamentary representation and in female employers or supervisors can also partially reflect the development of women's rights [18, 19] . Several signs are observed that the development of women's rights makes females start to be entitled with their reproductive autonomy in the timing and number of childbearing to some extent. For example, the countries with the higher female labor force participation rate are found with the late age of first reproduction and fewer children per household [20, 21] . Besides, some countries with a higher female literacy rate, higher female school enrollment rate, and higher female educational level are found associated with a lower fertility rate on average. And this fact is partially attributed to the improvement in female's consciousness of expanding career opportunities, of self-entitlement and autonomy, and of reluctance to spend more valuable time on childbearing [22] [23] [24] .
However, the concern about the effect of women's rights development on reproductive health intervention access still stays at the speculation stage with somewhat related signs/observations. This study thus intends to provide the empirical evidence for this concern. Through analyzing the national-level longitudinal data (during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , this study can reveal the scientific findings and help avoid the fuzzy speculation. Moreover, the effect of women's rights development on reproductive health intervention access may be discrepant for females from different residence places, with different educational attainment and income levels. This study thus further depicts the disparities in such effect between urban and rural females, well and less educated females, and wealthy and poorer females around the world, and in doing so gives findings of the significance in practice for national governments. Finally, the issue of female's access to reproduction health intervention is a reflection of social equity in healthcare. Due to females living in rural areas, with a lower education and income level lacking abundant social-economic resources, improvement of their reproductive health intervention access may depend more on the top-down implementation of women's rights protection. Thus, women's rights development may serve as a powerful force to improve social equity in healthcare. As such, the investigation of disparity in the effect of women's rights development on reproductive health intervention access between different female groups can, to some extent, bring policy makers some insights into the promotion of social equity in healthcare.
Materials and Methods

Data Source and Description
The data used in this study come from several sources including the reproductive health intervention section of Health Equity Monitor (HEM) published by the World Health Organization (WHO), Inter-Parliament Union (IPU), International Labor Organization (ILOSTAT database), and United Nations Educational, Scientific and Cultural Organization (UNESCO) Institute for Statistics. All of these datasets involve both low-and middle-income countries and high-income countries, and cover a time span of 15 years (during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . The data are matched according to "country-year". Given the missing values, the number of years might not be the same for different countries. Thus, the unbalanced longitudinal data are used in the regression analysis. Only the country-year observations where all the variables have no missing values can be regarded valid in the actual regression analysis. The list of countries that meet the condition of all the variables having no missing values in at least one year is provided in Appendix A.
The data of reproductive health intervention access categorized by the residence place (rural/urban), the education levels (none/primary/secondary or above), and the income levels (Q1, poorest-Q5, richest) are processed and published by the WHO. Women aged between 15 and 49, married or cohabitating, and currently using or whose sexual partners are using at least one modern method of contraception are surveyed by the WHO.
Variables
The dependent variables used in this study are "contraceptive access-modern method" and "contraceptive access-modern and traditional method". The modern methods of contraception include the following ways: female and male sterilization, oral hormonal pills, the intra-uterine device, the male condom, injectables, the implant, vaginal barrier methods, the female condom, and emergency contraception. It is reported that traditional methods (usually referring to those except for modern ones) are prevalent in many underdeveloped countries or low-resource areas. For example, herbal contraception is popular in some Latin American countries [25] , while periodic abstinence and folkloric ways (amulets, beads, etc.) are found popular in some sub-Saharan African and South Asian countries [26, 27] . The United Nations report shows that the utilization rate of traditional methods can be high (5.6% for Asia, 6.1% for Latin America and the Caribbean, and 12.0% for Central Africa) [27, 28] . The omission of those traditional methods usage can underestimate the access in underdeveloped countries. Considering traditional methods can vary across different countries and potential misinterpretation needs to be avoided, the WHO does not provide the precise definition of traditional methods, and states that the traditional methods refer to the other methods except for the modern ones.
Four variables that reflect the development of women's rights are used as independent variables in this study, which include the percentage of female parliamentary seats in a country, the percentage of female employers to the whole female employment, the primary-school aged net enrollment rate for females, and the employment to population ratio for females (15 years-old and above). More details are shown in Table 1 . There are several reasons why these four independent variables are included in the study. First, these variables provide the acceptable proxies for many facets of women's rights for a country (i.e., political rights, educational rights, economic rights), and are suggested by many previous studies [29] [30] [31] . Second, political rights, educational rights, and economic rights get the most attention in previous studies regarding the relations between women's rights and reproductive health [32, 33] . Third, these variables/indexes are among the main concerns of many international organizations, and are surveyed and published by these organizations. The resulting open-source data of these variables make it feasible for other researchers to conduct the replication and verifiability of research findings.
Method
This study evaluates the effect of global women's rights development on reproductive health intervention access. Through comparing such effect between rural and urban areas, between female population with different education levels (none, primary, secondary, and above), and different income levels (from the poorest to the richest), this study could reveal the situation of equity in reproductive health intervention access around the world.
The fixed effect model is used in this study to capture the unobservable heterogeneity of different countries. The fixed effect model is effective in coping with the situation where there exists the intrinsic difficulty in controlling every potential determinant in the regression analysis. In the context of this study, there can also be other factors affecting female reproductive health intervention access of a specific country (e.g., religion), however, such data on the country level are rarely available. In this case, the use of common regression analysis (i.e., ordinary least square, OLS) might incur biased estimation for omission of relevant variables. In contrast, the fixed effect model can successfully control the unobservable heterogeneity by estimating the country-specific intercept that varies in different countries [34] . All the variables are taken natural log (Ln), and the estimated coefficients reflect the elasticity (i.e., the percentage change of the dependent variable corresponding to the percentage change of independent variables) [35] . The regression of this model is shown as below:
where i indicates the i-th country, j indicates the j-th year, and β 0 i indicates a country-specific intercept that varies in different countries. Employers indicate workers who work on their own account or with one or a few partners, hold the type of jobs defined as "self-employment jobs" (i.e., jobs where the remuneration is directly dependent upon the profits derived from the goods and services produced), and in this capacity, have engaged, on a continuous basis, one or more persons to work for them as employee(s).
International Labor Organization, ILOSTAT database.
Ln [Adjusted net enrollment rate, primary, female (in percentage, of primary school age children)]
Adjusted net enrollment is the number of pupils of the school-age group for primary education, enrolled either in primary or secondary education, expressed as a percentage of the total population in that age group.
UNESCO Institute for Statistics
Ln [Employment to population ratio, 15+, female (in percentage) (modeled ILO estimate)]
Ln[Employment population ratio]
Employment is defined as persons of working age who, during a short reference period, were engaged in any activity to produce goods or provide services for pay or profit, whether at work during the reference period (i.e., who worked in a job for at least one hour) or not at work due to temporary absence from a job, or to working-time arrangements. Ages 15 and older are generally considered the working-age population.
International Labor Organization, ILOSTAT database. Table 2 shows the descriptive statistical analysis of all the variables during 2000-2015 (including mean values, standard deviation, the range from the min to the max, and the number of non-missing observations). The detailed descriptive statistical analysis of the dependent variable categorized by the residence place (rural/urban), the education levels (none/primary/secondary or above), and the income levels (Q1, poorest-Q5, richest) is also provided in it. Notes: All variables in the regression are in the form of natural log. Table 3 shows the effects of women's rights development on contraceptive access of females from different residence places. The regression coefficients show that the development of women's rights can positively predict contraceptive access of both urban and rural females, besides, such effect for rural females is statistically significant and greater than that for urban counterparts. Meanwhile, these regression results are shown robust, no matter if the "modern method" or "modern and traditional method" is used to measure contraceptive access. Notes: All variables in the regressions are in the form of natural log, and thus the estimated coefficients reflect the elasticity (i.e., the percentage change of the dependent variable corresponding to the percentage change of the independent variables). σ u = individual variance. σ e = random disturbance variance. ρ = fraction of individual variance. * p < 0.10, ** p < 0.05, *** p < 0.01. Table 4 shows the effects of women's rights development on contraceptive access of females with different educational attainment levels. The regression results show that the development of women's rights has a positive effect on contraceptive access of females with different educational attainment levels. Besides, such effect is shown greater for females with none and primary education level than for females with secondary education level. And these results are shown robust no matter if the "modern method" or "modern and traditional method" is used to measure contraceptive access. Table 5 shows the effects of women's rights development on contraceptive access of females with different income levels. The regression results show that the development of women's rights generally has a positive effect on contraceptive access of females with different income levels. In addition, such effect, in most cases, is greater for females in the lower-to-medium stratum income level (Q1, Q2, and Q3) than for females in the higher stratum income level (Q4 and Q5). And regression results above are shown robust no matter if the "modern method" or "modern and traditional method" is used to measure contraceptive access.
Results
Taken above results together, it can be concluded that the development of women's rights could positively affect contraceptive access of females, and such effect is discrepant for different female groups. Those living in rural areas, with a lower educational level, and in the lower-to-medium stratum income level, could benefit more from the development of women's rights. Their contraceptive access is shown to increase more greatly with the improvement of women's rights. The comparison of the above effects is more clearly illustrated in Figures A1-A3 (see details in Appendix B). Notes: All variables in the regressions are in the form of natural log, and thus the estimated coefficients reflect the elasticity (i.e., the percentage change of the dependent variable corresponding to the percentage change of independent variables). σ u = individual variance. σ e = random disturbance variance. ρ = fraction of individual variance. * p < 0.10, ** p < 0.05, *** p < 0.01. Notes: All variables in the regressions are in the form of natural log, and thus the estimated coefficients reflect the elasticity (i.e., the percentage change of the dependent variable corresponding to the percentage change of independent variables). σ u = individual variance. σ e = random disturbance variance. ρ = fraction of individual variance. * p < 0.10, ** p < 0.05, *** p < 0.01.
Discussion and Conclusions
This study provides an empirical investigation on how the development of women's rights affects reproductive health intervention access of females worldwide. This study finds that the access of rural females to reproductive health interventions can benefit more from the development of women's rights than their urban counterparts. Generally, the higher economic status in the family may entitle urban females to be able to access contraception on their own volition [36, 37] . Moreover, urban females are more likely to access greater choices about reproductive health services they need, given the urban-rural disparity in healthcare throughout the world [38] . Conversely, for rural females, lower economic status may lead them to depend more on outside force, such as the government-led reform, to improve their reproductive health intervention access. Thus, compared to urban females worldwide, the improvement of reproductive health intervention access for rural females could be more profoundly influenced by the overall progress of women's rights.
Moreover, lower levels of education can cause females to be unconscious of their own rights and entitlements [38, 39] . Their values and visions are deeply shaped by the traditional gender norms established by culture, clan, the older generation, and men's expectations [40, 41] . Despite legally proclaimed equal rights between females and males, many biased normative forces continue to operate to hold undereducated females back [42, 43] . They bind females in the shackles of traditional social roles and often deprive them of the autonomy of reproductive choice. Conversely, the nurture of education can help change traditional negative attitudes towards females. Well-educated females have new values and visions of their own rights and entitlements. They are motivated to be free from a lifetime of childbearing and, instead, to decide for themselves the timing of childbearing, the number and spacing of children, and the choice of contraceptive method [44, 45] . As such, the top-down implementation of women's rights protection is necessarily the much more effective solution for undereducated females to obtain greater reproduction choice, whereas their well-educated counterparts have self-awareness to acquire and practice their rights of reproduction.
Further, the income level of females can largely influence the amount and quality of healthcare resources they can access. Females in the high stratum income level generally have strong ability to pay for the high quality and wide range of healthcare services [46] . However, females of poor economic status have to save money in low-priority areas to cover necessary expenditure on children, elderly, and basic living. Their own needs of reproduction are always secondary to feeding their family [47] . By minimizing some expense in contraceptive methods, they actively reject the access to reproductive health intervention to some degree. Therefore, compared with females in the high stratum income level, the improvement of reproductive health intervention for females of poor economic status could depend much more on the top-down implementation of women's rights protection.
Generally, rural areas suffer from the lower level of education and income. It is thus more likely that these characteristics are interwoven with each other in rural females. Hence, it is most important to increase school enrollment for rural females and spare no efforts to equalize the educational opportunities for them around the country. It is also important that interventions help rural females to be aware of and to understand the various modes of gender discrimination that have been embedded in the social phenomena of their daily lives. The optimal status of female education is when the whole society becomes conscious of gender bias and willing to share opportunities and other valuable resources. Rural females who are fully aware of their own reproduction rights and entitlements are motivated to advocate reproductive health empowerment of females. Built on this basis, the top-down reform could more effectively lead to genuine advances in women's rights of reproductive health intervention. Moreover, employment training for rural females is necessary. This practice can help enhance their employability and economic independence, which is the foundation to protect women's rights. Finally, governments can create a plan to set up a series of policies, from which rural females can access the same services or goods of reproduction health intervention with less money. This measure aims to heal the sharp divide in the access to reproduction health interventions between rural and urban females, or between poorer and wealthy females. It must be recognized that top-down approaches will not always be successful due to numerous reasons, such as a lack of government commitment, ineffective implementation, the complex web of traditions and customs about marriage, family, spousal relations, and gender dynamics behind the utilization of contraceptives [48] . These factors thus need to be considered to pave the way for the successful implementation of top-down approaches.
Still, we must admit that the choice of indicators of women's rights is not unique, and the availability of data can constrain our effort to make further exploration of other relevant or more meaningful indicators. For example, we have a few reasons why we use the employment to population ratio of females to proxy women's economic rights to some extent. First, females who participate in labor market and earn wages could have higher economic status in their family than their counterparts living on their husbands' earning. And thus, they can place more weight of family wealth on their own reproductive health. This situation could exist in both developed and developing countries. Second, a society with higher labor participation of females may imply that females in this society can pursue their own careers rather than bind their life to childbearing. And thus, females in such society could have more freedom to reproductive health interventions. Third, a higher level of female labor participation might at least reflect the more employment opportunities open to females and the less employment discrimination blocking females outside the labor market. Even though those reasons seem sound, we must admit that this indicator is not free of flaw. For example, females in developing countries participating in the labor market might just work out of necessity. Higher employment to population ratio of females might imply poverty or lower development level of that area. In contrary, higher employment to population ratio of females in developed countries might seem a more appropriate proxy of women's economic rights. The above discussion might explain, to some extent, why we find the influence of employment to population ratio of females on contraceptive access of females with no education as insignificant. 
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Appendix A
Appendix B The Illustration of Regression Results
Figures A1-A3, in a visual-friendly way, depict the disparities in the effect of women's rights development on contraceptive access between urban and rural females, well-and less-educated females, and wealthy and poorer females around the world.
In Figure A1 , the heights of the columns representing rural females are obviously greater than that for urban females, and some columns for urban females are translucent. These results indicate that for rural females, the effect of women's rights development on contraceptive access is significant and the magnitude of such effect is greater than that for urban counterparts.
In Figure A2 , the heights of the columns for females with none and primary education level are greater than that for females with secondary education level, and most of the columns for females with secondary education level are translucent. These results demonstrate that the effect of women's rights development on contraceptive access for females with lower level of education is more significant and greater than that for counterparts with higher level of education. Figures B1-B3, in a visual-friendly way, depict the disparities in the effect of women's rights development on contraceptive access between urban and rural females, well-and less-educated females, and wealthy and poorer females around the world.
In Figure B1 , the heights of the columns representing rural females are obviously greater than that for urban females, and some columns for urban females are translucent. These results indicate that for rural females, the effect of women's rights development on contraceptive access is significant and the magnitude of such effect is greater than that for urban counterparts.
In Figure B2 , the heights of the columns for females with none and primary education level are greater than that for females with secondary education level, and most of the columns for females with secondary education level are translucent. These results demonstrate that the effect of women's rights development on contraceptive access for females with lower level of education is more significant and greater than that for counterparts with higher level of education. Figure B3 shows that most of the columns for females in the higher stratum income level (Q4 and Q5) are translucent, and the heights of the columns for females in the lower-to-medium stratum income level (Q1, Q2, and Q3) are, in most cases, greater than that for females in the higher stratum income level (Q4 and Q5). These results indicate that the effect of women's rights development on contraceptive access for females in the lower-to-medium stratum income level is more significant and greater than that for counterparts in the higher stratum income level. Figure A3 shows that most of the columns for females in the higher stratum income level (Q4 and Q5) are translucent, and the heights of the columns for females in the lower-to-medium stratum income level (Q1, Q2, and Q3) are, in most cases, greater than that for females in the higher stratum income level (Q4 and Q5). These results indicate that the effect of women's rights development on contraceptive access for females in the lower-to-medium stratum income level is more significant and greater than that for counterparts in the higher stratum income level. 
